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(57) Abstract 



A ventilator control system (10) controls- 
a ventilator pneumatic system (18) in a medical 
ventilator. The ventilator control system (10) 
includes a user interface (26), a memory (40) 
and a processor (22). The user interface receives 
input values from a user for setting one ore 
more breath parameters within a set or breath 
parameters. The user interface (26) can include 
a display (24) for displaying the status of the 
patjcnt*5 pulmonary system and the set of breath 
parameters. The memory (40) stores the set of 
breath parameters after the user has set one or more 
breath parameters to desired input values. The 
processor (22) simultaneously adjusts a plurality 
of controls within a ventilator pneumatic system 
(18) in response to the set of breath parameters. 
The user can change or implement new phases, 
breaths, modes or therapies In seconds such that the 
therapy delivered to the patient (20) is essentially 
uninterrupted. Also, a simulator (212) may be 
provided for predicting the status of the patient's 
pulmonary system prior to adjusting the plurality 
of controls. The predicted statiis may be displayed 
adjacent the cument status on the display (24). 
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Ventilator Control System and Method 



Field of the Invention 

The invention relates generally to the field of respiratory assist devices such as 
ventilators. In particular, the invention relates to a ventilator control system and method 
*r for controlling a ventilator pneumatic system. 

Background of the Invention 

A medical ventilator delivers gas to a patient's respiratory tract and is often 
required when the patient is unable to maintain adequate ventilation. Mechanical 
ventilation is the single most important therapeutic modality in the care of critically ill 
patients. Known ventilators typically include a pneumatic system that delivers and 
extracts gas pressure, flow and volume characteristics to the patient and a control system 
(typically consisting of knobs, dials and switches) that provides the interface to the 
treating clinician. Optimal support of the patient*s breathing requires adjustment by the 
clinician of the pressure, flow, and volume of the delivered gas as the condition of the 
patient changes. Such adjustments, though highly desirable, are difficult to implement 
with known ventilators because the control system demands continuous attention and 
interaction from the clinician. 

Ventilatory modes are methodologies for controlling the pressure, flow and 
volume characteristics of the breaths to be delivered, and are preset in known ventilators 
during the manufacturing process. Various ventilatory modes have evolved to support 
breathing for patients with different pathologies at diflFerent stages of the course of 
treatment. Examples of such modes include intermittent mandatory ventilation (IMV), 
assist-contfol ventilation (A/G), pressure support ventilation (PS) and continuous positive 
airway pressure (CP AP). 
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One limitation of known ventilators is that selection of a ventilatory mode imparts 
specific and often inconsistent instructions to the venUIator controls. Another problem is 
that modes having the same or similar names are often preset differently on different " 
ventilators. This characteristic of known ventilators has led to unsuccessful attempts to 
5 enforce standard definitions for ventilatory modes, and has resulted in the requirement of 
extensive training of clinicai personnel. 

Another limitation of known ventilators is the difficulty and uncertainty when 
changing ventilatory modes. A large number of control and aJarm settings are changed by 
the clinician to hnplement a new mode. While the settings are being changed, a time 
> period of up to several minutes, the therapy delivered to the patient is uncontrolled 

• Typically, the clinician discomiects (he patient from the ventilator and provides manual 
support during the transition to the new mode. In addition, clinicians are oflen uncertain •• 

• about the breathing pattern the new mode will produce when applied to a particular 
patient. This discourages clinicians from trying new modes which might better 
accommodate the patient, and encourages prolonged use of existing modes to control the 
patient's breathing via the ventilator, thereby inhibiting the patient's respiratory drive. The 
patient spends more time than necessary on ventilatory support, leading to slower 
recovery and increased risk of complications. 

Yet another limitation of the known ventilators is that new features, in particular 
new types of breaths and new ventilatory modes, can only be provided by physically 
changing the memory device containing the software programs. A clinician with a new 
type of therapy must navigate a lengthy and circuitous deveiopmem path to implement the 
therapy on a patient. First, the clinician must explain the therapy to the representatives of 
a ventilator manufacturer, convince them that the therapy is commercially viable and 
direct the manufacturer through several design/development cycles over a period of many 
months. If the therapy is shown to be beneficial, an additional lengthy delay occurs for 
manufacturing startup and regulatory approval. This frustrating pathway significantly 
inhibits the development of new types of therapy in ventilation. 

A further hmitaUon of the control interfaces of known ventilators is the provision 
for control of only a single mode of ventilation. The needs of patients are continuously 
changrng. and a principal focus of ventilatory, therapy is to "wean" the patient from full 
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ventilatory support to self-supported breathing. During this transition, which can take 
days to weeks, the ventilator must accommodate and encourage efforts by the patient to 
breathe and "synchronize" its efforts with patient-induced breathing. Delivery of an 
optimal breathing pattern requires delivery of respiratory gas to the patient at the 
5 appropriate time and rate, and removal of the respiratory gas at the appropriate time and 
rate. Known ventilators require frequent encounters between the clinician and the patient 
to adjust the breathing pattern. Because such encounters tend to be widely spaced, 
patients spend long periods between such encounters "fighting" the ventilator as it tries to 
deliver breaths which do not match their needs. 

1 0 Another limitation of the user interface on known ventilators is the separation of 

the control settings, the alarm settings and the patient data into different areas of focus for 
the clinician. The clinician is required to mentally integrate the control settings, alarm 
settings and patient data to determine whether the current therapy is appropriate. The 
ventilator interface is interposed between the cliriiciaii and the patient, obscuring both the . 

1 5 therapy and the condition of the patient with unnecessary complexity. 

For many of the reasons described above, known ventilators require a high level of 
skill and interaction from clinicians. Many clinicians lack the required exposure and 
training to command the ventilator to deliver the appropriate therapy for the wide variety 
of patient conditions. 

2° It therefore a principal object of the invention to provide a ventilator control 

system which is connected to a ventilator pneumatic system for controlling the selection of 
ventilatory modes to maintain desired pressure, flow and volume characteristics of the 
breaths delivered to a patient. It is another object of the invention to provide a ventilator 
control system that enables a climcian to prescribe a series of ventilator breaths, modes or 

25 therapies to accommodate changes in a patient's condiuon. It is another object of the 
invention to provide a ventilator control system that enables a clinician to access stored 
historical paUent data for clinician training or patient therapy. It is another object of the 
invention to provide a ventilator control system that enables a clinician to create new 
ventilator breaths, modes or theraiiies on demand. It is another object of the invention to 
30 provide a ventilator control system that simulates the effect of a new ventilator mode on a . 
patient, before actually implementing the new mode on the patient. 
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Summary nf the Invftn»ir»n 

The tern, "ventilator control setting stnjcture" is defined as a collection of 
mfonnation sufficient to control one parameter of ventilation including one or n,ore of: 

"•'^''a'-l-^'.'^gi.^^acdve.controllevel.contronevelacuvejowalannleve, low 
alarm acUve, rang, leve; range level active, and a range «,rge. control stntcture The 
range targe, control stmcture defines how and why the parameter is to be adjusted ' 
autonutically within the Specified range. The term "cycle control smtcture" is defined as a 
collection of waveform samples and a ventilator control setting Structure for each 
parameter The term "phase control stnrcture" is defined as a collection of phase 
=w,tcMng rules that defines how the ventilator control settings are to be utilized and a 
v«.t,la,or control setting for each controllable parameter .hat exists in«,e ventilator Each 
Phase has one or more triggers that are tested every cycle (4 Msecs par cyde) to decide ■ 
whch ventilator control setting .o use. The tenn "breath control st,uc«.re" is defined as a ' 
collecaon of phase switching n.les that defines how and when one venUlato^ breati, phase 
.s .0 swttch to another ventilator, breath phase and. a phase conttol stmcture for each 
phase of breath defined by dte specified breath. Breath phases break up a ventiUtory 
breath mto as many phases as desired in order tocontrol inspiration, pause, expiration 

«sm and PEEP Witt any desired level ofcomrot for d,e specified breath. Each breath has 
on. or more trigget, that are »s.ed «..,y cyde (4 Msecs per cycle) to decide whether or 
no. to,ump .0 the begimung of a new phase control stnrcture. The term "mode control 
struaure" is defined as a collection of bread, switching rules that defines how and when 
one venflatoT, breath is to switch to another ventilatoty breath and a breath control 
structure for each type of breath defined by the specified mode of ve„til„ioa Each mode 
has one or more rtggers ate tested evety cycle (4 Msecs per cycle) to decide whether 
or not to jump to the beginning of a new breath control strucwre. The term "therapy 
control structure" is defined as a collection of mode switching rules that defines how and 
when on. mode of ventilation is .o switch to another mode of ventilation and one mode 
control stiucure for each venrilation mode defined by the specified Utetapy Also Uk 
tcnn "bread, param=«r" is defined as at least one of a control setting and .„ alarm' setting. 

The present invention featitres a ventilator control system for controlling a 
v«.tilator pneumatic system. The ventilator control system includes a user interfitce, a 
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memory and a processor. The user interface receives input values from a user for setting 
one or more breath parameters within a set of breath parameters. The user interface can 
include a display for displaying software-generated images representing status of the 
patient's pulmonary system and the set of breath parameters. Also, a touch-sensitive 
screen may be disposed over the display for manipulating one or more breath. parameters. 

The memoiy is electrically coupled to the user interface for storing the set of 
breath parameters after the user has set one or more breath parameters to the desired input 
values. The processor simultaneously adjusts a plurality of controls within a ventilator 
pneumatic system in response to the set of breath parameters. More specifically, the 
processor may comprise a display controller for creating a therapy control structure, a 
mode control structure, a breath control structure or a phase control structure from the set 
of breath parameters stored in the memory and an embedded controller for simultaneously 
changing the plurality of controls within the ventilator pneumatic system in response to the 
stnicture. The ventilator control system enables the user to change or implement a new 
therapy, mode, breath or phase in seconds so that the therapy delivered to the patient is 
essentially uninterrupted, and the new therapy is synchronized with the next inspiration. 

The invention also features a method for controlling a ventilator pneumatic system. 
The method includes the step of receiving input values provided by a user for setting one 
or more breath parameters within a set of breath parameters, and the step of 
simultaneously adjusting a plurality of controls within the ventilator pneumatic system in 
response to the set of breath parameters. The method may also include the step of 
creating a therapy control structure, a mode control structure, a breath control structure 
or a phase control structure from the set of breath parameters, and the step of 
simultaneously changing the plurality of controls within the ventilator pneumatic system in 
response to the structure. Further, the method may include the step of displaying 
software-generated images representing status of the patient's pulmonary system and the 
set of breath parameters on a display. 

The invention also features a ventilator control system capable of simulating the 
status of a patient connected to a ventilator' pneumatic system. The system includes a user 
mterface for receiving input values to define one or more breath parameters ^yithin a set of 
breath parameters. A simulator is electrically connected to the user interface for receiving 
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Jhe set of breath parameters. The simulator predicts the status of the patient's pulmonary 
system by simulaUng (i) an adjustment to the controls within the ventilator pneumatic 
system in response to the set of breath parameters and (ii) a response of the patient's 
pulmonary system to the adjustment to the controls witiiin the. ventilator pneumatic 
system. The ventilator control system also includes a display on which software-generated 
images representing the predicted status of the patient's pulmonary system and the set of 
breath parameters are provided. A touch-sensitive screen may be disposed over die 
display for manipulating one or more breath" parameters. 

The invention also features a method for simulating status of the puhnonary system 
of a patient connected to a ventilator pneumatic system. The method includes .tiie steps of 
(i) setting one or more breath parameters within a set of breath parameters, (ii) predicting 
the status of the patient's pulmonary system by simulating an adjustment to the controls 
witiiin the ventilator pneumatic system in response to the set of breath parameters and a 
response of the patient's pulmonary system to the adjustinent to the controls within tiie 
ventilator pneumatic system, and (iii) displaying software-generated images representing 
the predicted status of the patient's pulmonary system and the set of breath parameters. 

The invention also features a meUiod for generating a breath control structure to 
control a ventilator pneumatic system. The method includes the step of providing a set of 
breath parameters. Each breath parameter within the set of breath parameters includes at 
least one of a control setting or alarm setting. The method also includes the step of setting 
conu-ol settings and alarm settings for one or more breath parameters within the set of 
breath parameters. Further, the method includes the step of creating a breath control 
stmcture fi-om the set of breatii parameters, wherein a plurality of conti-ols witiiin a 
ventilator pneumatic systeih are adjusted in response to the breath control structure. 

The invention also features a method for generating a mode control structure to ■ 
control a ventilator pneumatic system. The method includes the step of providing a first 
set of breath parameters. Each breath parameter within the first set of breatii parameters 
includes at least one of a control or alarm setting. The method also includes the steps of 
providing user selected input values to define at least one of tiie control or alarm setting 
for one or more breatii parameters witiiin tiie first set of breatii parameters, and creating a 
first breath control stmcture from tiie first set of breath parameters. Further, the method 
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includes repeating the three previously described steps for a second set of breath 
parameters to create a second breath control structure. The method also includes the step 
of combining the first and second breath control structures to form a mode control 
structure, wherein a plurality of controls within a ventilator pneumatic system are adjusted 
in response to the mode control structure. 

The invention also features a method for providing a therafiy to a patient 
connected to a ventilator pneumatic system. The method includes the step of providing a 
first mode control structure, including.a plurality of breath control structiires. and a 
. second mode control structure, including.a plurality of breath control structures The 
method also includes the steps of controlling a plurality of controls within a ventilator 
pneumatic system using the first mode control structure, and measuring one or more 
therapy parameters. Further, the method includes the step of adjusting the plurality of 
controls within a ventilator pneumatic system using the second mode control structure • 
when one or more parameters exceed predetermined trigger values. 

The invention also features a ventilator control system for controlling a ventilator 
pneumatic system using historical patient data stored in a database. The ventilator control 
system includes a database which stores a plurality of patient protocols," each patient 
protocol comprising a set of breath parameters and patient data. A user interface is 
electrically coupled to the database for selecting a patient protocol. A processor is 
electrically coupled to the user interface for receiving the selected patient protocol. The 
processor simultaneously adjusts controls within the ventilator pneumatic system using the 
selected patient protocol. The ventilator control system may include a display on which 
. software-generated images representing status of the patient's pulmonary system and the 
set of breath parameters are displayed. The user interface may comprise a touch-sensitive 
screen disposed over the display for manipulating one or more breath parameters. 

The invention also features a method for controlling a ventilator pneumatic system 
using historical patient data stored in a database. The method includes the step of 
providing a database including a plurality of patient protocols. Each patient protocol 
comprises a set of breath parameters and patient data. The method also includes the steps 
of accessing the database to select a patient protocol, and loading a processor with the 



wo 97/20592 



10 



15 



20 



) PCT/US96/19382 

8- . 



25 



30 



selected patient protocol. Further, the method includes the step of adjusting a plurality of 
controls within the ventilator pneumatic system using the selected patient protocol. 

The method may also comprise the step of predicting the status of the patient's 
pulmonary system prior to adjusting the controls of the ventilator pneumatic system by 

> simulating adjusting the controls in response 10 the set ofbreath parameters, and 

simulating a response of the patient's pulmonary system to the adjustment to the controls 
Further, the method may comprise the step of displaying software-generated images 
representing the predicted status of the patient's pulmonary system and the set of breath 
parameters on a display. The method may also comprise the step of adjusting the plurality 
of controls within the ventilator pneumatic system based on the predicted status of the 
patiem's pulmonao^ system and the set of breath parameters displayed on the display. 

The invention also features a method for providing an assisted phase of a breath to 
a patiem comiected to a ventilator pneumatic system The method includes the step of 
monitoring an accumulated volume of gas inhaled by the patient resulting from the 
particular spontaneous respiratory muscle activity. More specifically, the monitoring step 
further comprises measuring a flow of gas inhaled by the patient resulting from the 

patient 's spontaneous respiratoiy muscle activity, and integrating the flow to provide the " . 
measured accumulated volume. The method also includes the steps of comparing the - 
measured accumulated volume to a trigger volume, and adjusting the plurality of controls 
within the ventilator pneumatic system when the measured accumulated volume exceeds 
the trigger-volume to provide an assisted phase of a breath. The method also includes the 
steps of adjusting the trigger volume dynamically according to measured patient flow and 
pressure signals indicating the phase of respiratory cycle. 

The invention also features a method of compensating for gas flow resistance into 
and out of the lungs of a patiem comiected to a ventilator pneumatic system. The method 
includes the steps of measuring the gas flow resistance into and out of the lungs of a 
patient, or setting a resistance parameter to a selected value, and adjusting one or more 
controls of the ventilator pneumatic system to compensate for the measured or set 
resistance to flow Further, the method includes adjusting one or more controls of the 
ventilator pneumatic system to compensate for the measured or set resistance to flow 
during any one or more of the inspiration, exhalation or passive phases of a breath. 
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Further, the method allows compensation for a different measured or set resistance during 
one or more phases of a breath. 

The invention also features a method for controlling a ventilator pneumatic system 
using an integrated, multi-function, software-generated graphic. The method includes the 
step of providing a set of breath parameters for controlling the ventilator pneumatic 
system, the set of breath parameters including at least one range parameter. The method 
also includes the step of displaying a multi-function, software-generated graphic that 
includes an integrated, software-generated image representing a controllable high alarm 
level, a controllable low alarm level, a controllable nominal operating value, a controllable 
operating range for the range parameter, and a controllable target value for a measured 
characteristic of the patient's pulmonary system. Further, the method includes the steps of 
setting the high alarm level to a maximum allowable value for the range parameter, setting 
the low alarm level a minimum allowable value for the range parameter, setting the 
nominal operating value for the range parameter, and setting the operating range to a- 
range of allowable operating values relative to the nominal operating value for the range 
parameter. Further, the method includes the step of automatically restricting the setting of 
nominal operation value, and the range of allowable operating values, within the high and 
low alarm levels. The method also_ includes the steps of specifying the target value, 
adjusting a plurality of controls within a ventilator pneumatic system in response the set of 
breath parameters, and adjusting the operating value of the range parameter within the 
operating range Further, the method includes the step of further adjusting the controls 
within the ventilator pneumatic system in response to changes in the operating value of the 
range parameter to achieve the target value. 

The invention also' features a method of manipulating a breath parameter 
represented as a software-generated image displayed on a touch-sensitive display. The 
method includes the steps of dynamically defining an touch zone on the touch-sensitive 
display, and forming a software-generated image of a breath parameter v^thin a subsection 
of the touch zone. The method also includes the steps of receiving a touch signal when a 
user touches any location within the touch zone, and manipulating the image of the breath 
parameter in response to the touch signal. 
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The invention also features a method of displaying historical status of the 
pulmonary system of a patient connected to a ventilator pneumatic system. The method 
includes the steps of defining a measurement period of one minute, and providing a 
plurality of breath parameters having user defined target values and actual values, the 
breath parameters including minute volume, inspiration phase, exhalation phase, 
inspiration/exhalation ratio, breathing rate, spontaneous minute volume, inhale tidal 
volume, exhale tidai volume, leakage. The method also includes the steps of measuring 
the actual values during the measurement period, and generating an integrated graphic for 
displaying the input values and actual values of the plurality of breath parameters on a 
display. The generating step further comprises the steps of (i) representing target minute 
volume as a circle having an area corresponding to the user defined target value of the 
minute volume, (ii) representing actual minute volume as a semi-transparent circle 
disposed over the target minute volume circle and having an area corresponding to the 
actual value, (iii) representing target inspiration and exhalation phases as interspersed 
wedges within the target minute volume circle, wherein a target inspiration phase and a 
target exhalation phase form a target breath, and (iv) representing measured inspiration 
and exhalation phases as interspersed semi-transparem wedges disposed over the target 
inspiration and exhalation phase wedges and having an area corresponding to the actual 
value, wherein a measured inspiration phase and a measured exhalation phase form a 
measured breath. The method also includes the step of updating the input values and 
measured values included in the graphic once per breath. The method further comprises 
the steps of (V) representing the patiem triggered spontaneous breaths in one color and 
(vi) representing the triggered mandatory breaths in a second color for displaying the ratio 
of mandatory to spontaneous breaths graphically as a ratio of areas. 
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Brief Description of the Drawings 

The foregoing and other objects, features and advantages of the invention will 
become apparent from the following more particular description of preferred embodiments 
of the invention, as illustrated in the accompanying drawings. 

FIG. 1 is a block diagram of a ventilator including a ventilator control system 
illustrating the principles of the invention. 

FIG. 2 is a functional block diagram illustrating the functionality of a display 
controller and an embedded controller within a ventilator control system. 

FIG. 3 is a detailed block diagram of a display controller. 

FIG. 4 is an illustration of a display screen when the ventilator control system is in 
the operational mode. 

FIG, 5 is an illustration of a section of "the display screening showing a minute 
volume wheel. ' \ • 

FIG. 6 is an illustration of a section of the display screening showing a control 

slider. 

FIG. 7 is an illustration of a section of the display screening showing a numerical 
controller. 

FIG. 8 is an illustration of a section of the display screening showing a waveform 

shaper. 

FIG. 9 is a detailed block diagram of an embedded controller. 

FIG. 10 is a flow chart of the data structure hierarchy employed by the ventilator 
control system. 

FIG. 1 1 is a block diagram of a ventilator including a ventilator control system 
comprising a simulator for predicting the status of the pulmonary system of a patient and a 
database for storing historical patient protocols. 

FIG. 12 is an illustration of a simulation mode display screen for the ventilator 
control system. 
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^ ^ FIG. 13 js a function block diagram of the ventilator control system shown in FIG. 

FIG. 14 is an illustration of a therapy programming screen for the ventilator 

control system. 

5 Detailed Description 

I . Ventilator Control System - The invention features a ventilator control system 
for controlling a ventilator pneumatic system in a medical ventilator. The ventilator 
control system provides a clinician with complete control of a patient's aimay flow and 
pressure throughout the respiratory cycle, and thereby enables the clinician to determine 
0 the optimal therapy for the patient. 

FIG. 1 is a block diagram of a ventilator including a ventilator control system 10 • 
incorporating the features of the invention. The ventilator control system 10 includes a 
display controller 12 and an embedded controller 14. The display controller 12 provides 
an interface to the clinician 16. and. the embedded controller 14 provides an interface to a 
) ventilator pneumatic system 1 8 connected to a patient 20. The display comroUer 12and 
the embedded controller 14 each include memory (not shown) and are electrically coupled 
via a shared memory interface 15. 

The display controller 12 includes a processor 22, a display 24 and a touchscreen 
26 disposed over the display. The processor 22 collects inputs from the clinician 1 6. 
validates the inputs, creates a therapy control staicture from the inputs and sends the 
resulting structure to the embedded controller 14. The therapy control structure is a 
hierarchical arrangement of simUar data structures which includes one or more mode 
control structures, one or more breath control structures, one or more phase control 
structures and one or more cycle control structures. The CRT display 24 maintains and 
displays the patient's history in a graphical format which highlights the patient's status 
More specifically, the display 24 provides a visual indication of the current breath control 
parameters, alarm and fault conditions, and the current status of the patient's puhnonary 
system, including gas pressure, flow and volume. The resistive touchscreen 26 covers the 
surface of the CRT display 24 and provides a straightfonvard, highly flexible means to " ■ 
change control settings. 
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While the display controller 12 provides interpretation and decision support 
information on the CRT display 24, the ventilator does not change any breath control 
parameters unless directed by the clinician. Nevertheless, the display controller 12 
provides a flexible user interface with multiple interactive levels, from simple text menus 
5 of controls for inexperienced users, to complete visual feedback for clinicians who 
understand the patient models and can intervene more aggressively and effectively. 

The embedded controller 14 performs real time control of the pneumatic system 
1 8. The embedded controller 14 includes a system board 28, a real time processor 30 and 
, a D/A and A/D conversion module 32. The processor 30 manages sensor data collection 
1 0 from the sensor monitoring system 1 9, processes measured data, performs alarm/fault 
detection, and provides control data to the pneumatic system 18. The pneumatic system 
1 8 controls gas flows and pressures in the patient's airway using a patient circuit. An 
electro-mechanical fresh gas flow control and measurement system provides a metered 
blend of oxygen and air via a heated, humidified gas delivery system. A high speed 
1 5 pneumatically driven, electronically controlled proportional valve and dual venturi system 
provides bi-directional flow and pressure control. Pressure and flow sensors provide 
feedback control of the desired breathing pattern and verify operation within safe limits. 
The pneumatic and electronic systems and patient circuit are described in extensive detail 
in commonly assigned patent application, serial number 08/352,658, incorporated herein by 
20 reference. 

The safe performance of the ventilator 10 is enhanced by the redundancy of the 
two independent display controller and embedded controller processors, which continually 
check each other's performance via the shared memory interface 15. The embedded 
controller 14 communicates its status^ and that of the patient, to the display controller 12. 

25 The embedded controller maintains a non-volatile record of the therapy control structure 
and continues to operate at the last known.good settings if communication becomes lost. 
The two systems which comprise the ventilator gives both audible and visual messages 
when an alarm condition exists, and maintain an alarm history. They provide alarms and 
mandatoiy.patient support upon detection.of apnea (i.e., the deteaed absence of 

JO breathing). During operation, both systems perform background tests to detect system 



wo 97/20592 



'S) PCT/US96/I9382 

- 14 - 



20 



25 



30 



ftulcs. The ve»tiU.or p™vid« . .eri« of redu«d opcraUon ™des .o provide life support 
If system capability is compromised. 

FIG. 2 is a detailed fonctional blodc diagram of the ventilaior control system 10 
As shown, the clinician manipulates a control setting slider 34 to change or set one or 
5 more breath parameter.. A change „en panel 36 on the display 24 informs .he climcan of 
the process, from input to implementation, to assure him that his inputs are being 
P^cessed property. As noted previously, a changetc one or more breath parameters will 
lead to changes i„ one or more data structures of the therapy control stn,cture hierarchy 
I. .s noted that FIG. 2 provides an e^le of a breath parameter change which r^its in 
a change at the level ofthe breath control stnucn^re. He validation process includes the 
processor 22 validating the clinidan's input, 38) and creating a breath control stnacture 
wh.ch«stor.dinmemo,y(a,40). H-e p^cessor transmits the breath control stiucture to- 
the real time processor (at 42) and informs the climcian of success^, cransmission via tit. 
change alen panel. The real time processor 28 initially stores the breath control sm^cture ■ 
.n another memoty 44. Uhimately, ti,e red time processor re-validates ti,e settings within 
the breath control stiucture (at 46). The processor implements the validated breath 
control structure 48 in a breath control algoritim, (at 50) and provides signals to the 
pneumatic system 18 for simultaneously changing one or mo,^ controisenings at tite 
appropriate time. This process enables the user .to change or implement a new therapy so 
that the therapy delivered to the patient is essentially uninterrupted, and ti,e new therapy is 
sychronized witi. the next inspiration If, however, any step in tite p„cess is not 
completed, the dinician is alerted via the panel 36 to tite cause of the em,r and the process 
is terminated. 

The ventilator control system provides two independent feedback pati,s to assure 
the dnucian ^ his setting change has been properly implemented. First, ti.e embedded 
conti-oller calculates a series of breath momtoring values and sends them to the display 
controller, where ti,e vdues are displayed contiguous to the desired setting controls (« 
60). The breath monitoring values can be, for example, se, bread, rate, measured b™,th 
rate, set tidal volume, m««,red inhaled volume, and measured exhaled volume The 
d«play couttoner also calculates a series of measurements (e.g., peak ainvay pressure 
peak airway flow, and PEEP) from the wavrfbrm data (a, 58) and displays ti,e ' ' 
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measurements numerically and graphically (at 60). Second, the display controller displays 
the continuous waveforms on the CRT display (at 54). The waveforms are derived from 
raw data jetumed from the embedded controller and passed directly to the display (at 56). 

One feature of the ventilator control system 10 is that it can be configured to 
5 provide an assisted phase of a breath to the patient 20. As noted previously, the 

accumulated volume of gas inhaled by the patient as a result of his spontaneous respiratory 
muscle activity can be monitored. To accomplish this, the sensor monitoring system 1 9* 
measures the flow of gas inhaled by the patient 20 at the beginning of the inspiration phase 
'' of the breath and integrates the flow to provide the measured volume. The embedded 
0 controller 14 compares the measured volume to a trigger volume set by the clinician 1 6, 
and adjusting the plurality of controls within the ventilator pneumatic system when the 
measured accumulated volume exceeds the trigger volume to provide an assisted phase of 
a breath. The embedded controller 14 also may adjust the trigger volumie dynamically 
according to measured patient flow and pressure signals indicating the phase of the 
5 respiratory cycle. In particular, the embedded controller 14 may increase the trigger 

volume set by the clinician 16 during periods of the breath where increases in the pressure 
at the airway of the patient 20 rriay be induced by changes in the pneumatic system 1 8, and 
not by spontaneous efforts of the patient. 

Another feature of the ventilator control system is its ability to compensate for gas 
flow resistance into and out of the lungs of the patient 20. Using the touchscreen 26, the 
clinician 16 can set a resistance parameter of the patient's respiratory system to a selected 
value. Alternatively, the display controller 12 may calculate a value for the gas flow 
resistance from gas flow and pressure measurements provided by the sensor monitoring 
system 1 9. The gas flow resistance may be calculated as: 

Gas Flow Resistance = (Inspiration Peak Pressure - End Inspiration 
Plateau Pressure) / (Inspiration Flow at Peak). 

The selected or calculated resistance value is provided to the embedded controller 14 by 
the display controller 12; The embedded controller 14 adjusts one or more controls of the 
pneuniatic system 18 to compensate for the resistance to flow. The compensation for 
resistance to flow may be selected to occur during any one or more of the inspiration, 
exhalation or post-breath phases of a breath. Further, the controls may be adjusted to 
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2. Display Controller - The display controller is an intelligent assistant for the 
clinician. The display controller quickly informs the cUnician of the effects of intervention 
provides fast, graphical feedback of his inputs, and presents information in a manner that ' 
requires minimal training to understand. 

Referring to FIG. 3. the display controller 12 is a powerful graphics workstation 
with hardware and software components. The clinician interacts with the display " ' 
controller via a color CRT monitor 24 and a resistive touchscreen 26. The monitor has 
been modified to mn from an isolated power supply, and the touchscreen power supply 
and controller are built in to the monitor. The processor 22 includes a single board 
computer comprising a microprocessor, RAM. an integrated high speed graphics driver, 
and integrated dual port memory. The display controller also includes a hard disk drive. 

FIG. 4 is an illustration of a display screen 64 provided by the display controller. 
The display controller uses software-generated waveforms and software-generated icons 
for control and alarms settings. The bottom row of on/off buttons 66 includes: a Power 
button that controls the ventilator control system; a Freeze button to pause the display; a 
Modes button to display various modes; a History button to play back a database of 
historical patient protocols; a 1 00% button to flush the ventilator with oxygen; Help 
and Save buttons; and an Others button to display other capabilities. 

The left side of the screen includes a list of the public ventilator control settings 
66. The top area displays the current mode of ventilation (e.g.. Backup). Below the top 
area, each row in the list has three columns. The left column is the current set value. If a 
row. in the left column is inactive, it displays an OFF indication. Important current set 
values are highlighted. The middle column is a touch sensitive button displaying the 
abbreviated title of the setting. The right column is the actual value of the setting as 
measured during the previous breath. If the actual value exceeds an alarm limit, it tunts 
red and a large alarm message is displayed on the screen. By touching a row, a control 
slider (not shown) appears on the right side of the screen. The control slider enables the 
clinician to change various parameters (e.g., alarm levels, control settings) and is described 
in detail below. 
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The middle area of the display screen is divided into top and bottom regions (70, 
72). The bottom region 72 can include a variety of virtual instruments including: 
additional user-defined waveforms, trendlines, an events log, nieasured minute averages 
and other options. The top region 70 includes real time airway flow and pressure 
waveforms (74, 7.6), which are displayed over different shades of gray to indicated the 
breath phase. The airway flow waveform 74 illustrates flow into the patient, or inspiration 
(positive flow), and flow out of the patient,, or exhalation (negative flow). The pressure 
waveform 76 illustrates that the patient's airway rises above ambient for inspiration and 
. falls during exhalation. The waveforms are tracked by a cursor that can be programmed 
to follow a peak, average, plateau or manually set position. The waveforms are displayed 
in fixed axis, moving erase bar fonnat. The time axis resolution is user adjustable and 
displays time in seconds. Overwriting of the display starts at the beginning of an 
inspiration, so that the first displayed breath starts at a fixed point on the screen. The 
vertical axes are scaled to keep the displayed waveforms and settings in clear view. 

The right side 74 of the display screen normally includes a flow-volume loop 78, a 
pressure-volume loop 80 and a minute volume wheel 82. A control slider and other " 
optional panels can overlay this side when a user so desires. The flow-volume loop 78 is 
updated each breath to show the timing of delivered airflow. The vertical axis of the loop 
shares a common range and alignment with the airway flow waveform 74. The pressure 
volume loop is updated each breath to show the condition of the lungs. The vertical axis 
of the loop shares a common range and alignment with the pressure waveform 76. 
Calculated resistance and compliance are also displayed. 

The minute volume wheel 82 provides a comprehensive summary of the patient's 
breathing for the last minute. The minute volume wheel displays a wealth of historical 
breath information (e.g., minute volume, inspiration phase, exhalation phase, 
inspiration/exhalation ratio, breathing rate, spontaneous minute volume, inhale tidal 
volume, exhale tidal volume, leakage) on a single integrated graphic circle so that the 
clinician can readily evaluate ventilation during the last minute. 

Referring to FIG. 5, a minute volume wheel 84 represents one minute of 
ventilation as a circle with an area corresponidirig to measured minute volume. The 
measured minute volume is represented numerically, as the center number, and 



WO97/20S92 ...^ PCT/US96/I9382 

- 18- 

graphically. as a circle 86 drawn over a background circle 88 that has an area 
corresponding to the target minute volume. When the measured minute volume is exactly 
. equal to the target minute volume, the two circles are blended in color and appear as one 
circle. When the measured volume is larger than the target volume, the background circle 
bleeds through and is visible. When the measured volume is srrtaller than the target 
volume, an uncovered portion of the background circle is visible. 

One minute of ventilation is drawn as a circle 90. one wedge at a time, and is 
redrawn once a minute. Like the face of a watch, each degree of the circle 90 
corresponds to one sixth of a second. Each inspiration is drawn as a wedge 92 with an 
area corresponding to delivered volume. This wedge is drawn over an inspiration spoke 
94 that extends to maximum minute volume. Each exhalation is drawn as a wedge 96 
with an area corresponding to exhaled volume. This wedge is drawn over an exhalation 
spoke 98 that extends to maximum minute volume. The spokes indicate breathing 
regularity and inhale to exhale (I:E) time ratio, and the wedges indicate tidal volumes. 
Difference between the radius of inspiration and exhalation wedges indicates the I:E 
ratios. The I:E ratio and breathing rate are also represented numerically (1 00, 1 02). The 
pairs of inspiration and exhalation wedges are coded by color to indicate spontaneous 
breaths, those triggered and partially controlled by the patient, and mandatory breaths, 
those triggered and controlled by the ventilator. The ratio of the colored areas indicates 
the ratio of spontaneous to mandatory breathing during the minute just past. 

The display controller provides a method for clinician control of the displayed 
waveforms. Each waveform (74, 76) is continuously measured and displayed on a 
background that changes color to indicate the phase of a breath. The rectangular area 200 
for any phase of the waveform (74, 76) is used as a target for the touchscreen. When the 
clinician selects a phase of a waveform, the display controller displays the associated 
ventilator controls for available for adjustment by the clinician. 

The display controller provides cursors 201 which are actually floating windows. 
More specifically, windows of one or two pixels width float over the waveforms (74. 76), 
thereby creating cursors 20 1 . Since the cursors are independent of the background 
waveform graphics, numerous advantages result including drawing dptimization, dynamic 
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repositioning based on changing wavefom values, positioning based on user interface 
gestures. 

The background of the waveform (74, 76) includes color shading to indicate • " 
breath phase, title, units and scale information. Redrawing these graphics as new 
waveform samples are displayed takes too much computer time. Therefore, the display 
controller performs this function efficiently notwithstanding the complexity of the 
background image. Background images are created once. A narrow rectangular region 
202 is cut from these images and pasted in front of the moving waveform to clear out the 
^ previous waveform and refresh the background prior to the new waveform. The width of 
the rectangular area 202 is kept sufficiently small so that the refresh is smooth in 
appearance. The x-axis coordinate of the current waveform position is used to control the 
X-axis position from which to cut out a strip of background image. Multiple color coded 
background images can be maintained (e.g., three gray shades for the breath phases) and 
images cut from the desired one depending on the state of the waveform. - 

By selecting a control button, the clinician can display the control slider 106 for 
the control setting in a fixed location at the right of the screen, as shown in FIG. 6. A 
scroll bar title 108, located near the top of the slider 106, mdicates the name of the control 
setting. The fiiU vertical range. lQ& indicatfis=the.allowed. set limits. The center slider 
indicates the current position 110 and the range 112 of the control setting. The upper and 
lower sliders (114, 116) indicate the current alarm limit settings. The position 1 10 of the 
current setting within the allowable range 1 12 and within the alarm Iimits.(l 14, 1 16) is 
readily apparent to the clinician. The clinician can move any of the sliders to change the 
set values in steps of approximately 1% of the allowable range, or with the "Exact'' button 
selected, approximately ten times more precision (i.e., about 0. 1% of the allowable range). 
When the desired value is reached, the clinician depresses the Accept Changes button to 
change the parameter. 

Alarm settings are matched with control settings in the appropriate control sliders. 
Some control settings have two associated alarms, others have only one associated alarm 
or do not have any associated alartns. For example, both high and low inspiratory 
pressure alarms are provided on the Airway Pressure control slider. If an alarm limit is 
exceeded during operation, the alarm is displayed in an alarm window, and an audio alarm 
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turns on. Alanns are non-latching, i.e-.-the alarm indication turns off when the detected 
level no longer violates the set limit. Available control settings and ranges, alarm settings 
and ranges, and measured parameters are listed in the following table: 



Control Settings 

Tidal Volume (Compliance Compensated) 
. Breathing Rate 

Peak Inspiratory Flow (BTPS Compensated) 

Oxygen Percentage 

Peak Inspiratory Pressure 

Exhalation Assist Resistance Compensation 

PEEP 

Inspiratory Time 

lnspiratory:Expiratory Ratio 

Inspiratory Pause Time 

Sensitivity (Patient Effort Trigger) 

Flow Drop-OfF Percentage (Percent of Peak) 

Minute Ventilation - Controlled 

Airway Temperature 

Waveform Shape 



Monitored and Displayed Parameters 

Exhaled Tidal Volume (Compliance Compensated) 

Measured Breathing Rate 

Peak Inspiratory Flow (BTPS Compensated) 

Oxygen Percentage 

Peak Inspiratory Pressure 

PEEP 

Mean Airway Pressure 
Inspiratory Time 
Inspiratory . Expiratory Ratio 
Minute Ventilation - Controlled 
Minute Ventilation - Spontaneous 
Airway Temperature 
Lung Compliance 
Airway Resistance 
Leak 

Airway Flow Waveform 

Airway Pressure Waveform 

Flow- Volume Graph, Pressure Volume Graph 

Fresh Gas Flow Bar Graph 

Minute Volume Wheel 

Alarms and Indicators 

High/Low Exhaled Tidal Volume Alarm 

High/Low Respiratory Rate Alarm 



50 to 2000 raL 
2 to 90 bpm 
10 to 120LPM 
21 to 100% 
Oto 120cmH20 
0 to 60 cmHzO/L/sec 
0 to 40 craHzO 
0.2 to 4 sec 
0.25 to 4.0 

0 to 1 sec 
Oto 250 mL 
5 to 80% 

1 to 40 LPM 
25 to 35 deg C 

accelerating , decelerating 
sinusoidal, square 



50 to 2500 raL 
2 to 1 50 bpm 
10 to 200 LPM 
21 to 100% 
Oto 120cmH20 
0 to 40 cmHjO 
0 to 120 craHzO 
0.2 to 4 sec 
0.01 to 99 
0 to 99 LPM 

0 to 99 LPM 
25 to 40 deg C 

1 Oto 150mL/cmH20 
1 to 60 cmHzO / US 

0 to 5 LPM 
-120 to 120 LPM 
-20to60cmH20 ' 
see text 
see text 
see text 



0 to 2000 mL 
2 to 1 50 bpm 
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• Low Oxygen Fresh Gas Flow Automatic 

Low Air Fresh Gas Flow Automatic 

Low Oxygen Supply Pressure Alarm 25 psig 

High/Low Airway Pressure Alarm 0 to 120 cmH20 

5 High/Low Inspiratory Time Alarm 0,2 to 4 sec 

High/Low Inspiratory:Expiratory Ratio Alarm 0.05 to 4.0 

High/Low Minute Volume Alarm 1 to 40 LPM 

Airway Leak Alarm Leak > 25% 

Fresh Gas Flow 

10 Patient Disconnected 

Apnea /Uarm / Backup Ventilation 30 sec 

Internal Battery Notification /. Alarm Battery in Use, 

Time Remaining 

Pneumatic System Fault Alarm 

15 Alarms Silence 120 sec 

Patient Circuit Alarm Automatic 

High/Low Oxygen Alarm . 21-100% Oxygen 

In some embodiments, the display screen is covered by a resistive touchscreen, 
20 * Known touchscreen interfaces require that the user touch a graphic object on the screen, 
but this action obscures the object. The touchscreen interface of the present invention " 
defines an area whose shape, size and position is dynamically computed based on the 
characteristics of the associated graphic object. The interface interprets, touching by the 
user as a manipulation of the associated graphic object. More specifically, a dragging 
25 motion moves the associated object, or change its value or other attributes. 

Referring to FIG. 6, the display controller includes software for manipulating the 
characteristics of the breath parameter Airway Pressure displayed in the control slider 104 
on the touch-sensitive display: When the clinician selects a control button to display the 
control slider 106 for Airway Pressure, the display controller dynamically defines a touch 

30 zone on the touch-sensitive display. More ispecifically. touch zones are defined for each 
slider (i.e., high alarm, low alarm, position and allowable range) within the control slider. 
Each touch zone is slightly larger than the displayed slider. By way of example only, the 
^ touch zone for high alarm may extend into regions 1 18 to either side of the color coded 
high alarm region 114. The display controller receives a touch signal when the clinician 

35 touches any location within the touch zone and changes the range of the high alarm slider 
breath parameter in response to the touch signal. In other words, the display controller 
increases the high alarm limit in response to the clinician touching a location within the 
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region 1 18 and dragging his finger in a upward path. Because his finger does not obscure 
the high alarm limit, the clinician can actually see the limit being change as it happens. 

Referring to FIG. 7. the display controller includes software for providing precise 
numerical control without the requirement of a keyboard., The display controller displays 
a window 1 20 that looks like a numeric text field, but has a background color to 
distinguish the left region 122 from the right region 124, relative to the decimal point. 
Once either numeric region (122. 124) has been touched, a larger touch sensitive area is 
associated with each of the numeric regions. When the clinician touches a touch sensitive 
area and moves in a vertical path, the interface provides continuous numeric feedback by 
increasing or decreasing the displayed value. 

3. Embedded Controller - The embedded controller electronics is based around a 
microprocessor 30, The microprocessor provides interfaces to the pneumatic system 18 
and the sensors monitoring system 19. The embedded controller relies on industry 
standard bus based modules to perform certain functions and custom printed circuit 
boards to perform other fiinctions. The modules, the printed circuit boards and the A/D ' 
and D/A module are mounted on or connected to on a main printed circuit board 28. A 
real time operating system is the foundation of the embedded controller software, which 
runs-thealgorithms required for measurement and control. A power system converts line 
power and provides battery backup for a average of one hour. 

The embedded controller has a microprocessor and associated input/output 
hardware to provide for closed loop control of pneumatic system and the acquisition of 
patient data. The embedded controller communicates the status of the patient and its own 
status to the display confroller. The embedded controller responds to commands and 
setting changes received fi-om the display controller, and maintains a non-volatile record of 
instrument settings to maintain operation in the absence of both communication from the 
display controller and line power. 

The embedded controller performs real time data acquisition of 23 different analog 
input signals including: 

1. Flow Oxygen, 

2. Flow Air, 

3. Flow .Third Gas. 

4. Flow .....Canister, 
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5. Flow Exhaust, 

6. Pressure Patient Airway, 

7. Pressure Canister, 

8. Flow Low Exhaust, 

9. Temperature... Airway, 

10. Temperature.. .Humidifier, 

11. Voltage Battery. 

12. Current....... 5 Volts, 

13. CO2 Airway, 

14. Voltage ECG, 

15. Voltage QRS, 

1 6. Temperature. . .Patient Temperature 2, 

17. Pressure .Patient Pressure 1, 

18. Pressure Patient Pressure 2, 

19. Signal PT34, 

i20. Voltage Aux 1, 

21. Voltage Aux 2, 

22. Voltage Aux 3, 

23. Voltage.... ....Aux 4. 

The embedded controller also monitors six switches: 

1. Pressure Oxygen, 

2. Pressure Air, 

3. Pressure Third Gas, 

4. Pressure .Safety Valve, 

5. Voltage Power Switch, 

6. Voltage No AC Line. 

The embedded controller controls nine digital outputs: 

1 . Solenoid .Exhaust Flow Zero, 

2. Solenoid...... Canister Flow Zero, 

3. Solenoid Safety Valve, 

4. Solenoid Direction (I/E), 

5. Heater Canister, 

6. Heater Fresh Gas Tube and Humidifier, 

7. Power CRT Display, 

8. Alarm Beeper, 

9.. Battery Backup. 
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The embedded controller controls four duty cycle modulated digital outputs: 

1. Flow valve.. ..Canister, 

2. Flow valve.... Air, 

3. Flow valve.... Oxygen, 

4. Flow valve.... Third Gas. 

The embedded controller 14 communicates with the display controller 12 via a 
shared memory interface 1 5 at a data transmission rate exceeding lOOK bytes per second. 

4. Data Structures - This section describes the architecture for software utilized in 
the embedded controller and shared with the display controller. The architecture of the 
software is built around the concepts of therapy controls, mode controls, breath controls, 
phase controls and cycle controls. A data structure driven state machine determines the 
control parameters for each therapy control, mode control, breath control, phase control 
and cycle control. 

FIG. IQ illustrates the data structure hierarchy for the ventilator control system. 
Using the touch-sensitive display within the display comroller, a clinician can change 
ventilation control settings to create a new therapy comprising a therapy control structure 
140. The settings are validated by the display controller, placed into a new therapy 
control structure and sent to the embedded controller. The embedded controller validates 
the settings again and checks the integrity of the new structure before the new therapy 
control is accepted. Also, the clinician may simulate the behavior of the new therapy 
control using the simulator and may allow others to utilize the therapy control by adding it 
to the database. In any case, the clinician sends the new therapy control structure to the 
memory for use by the embedded controller in controller the pneumatic system. A therapy 
control structure (or a mode comrol) 140 is defined as a collection of mode control 
structures 1 42 and mode switching rules 1 44. A mode control structure (or a breath 
control) is defined as a collection of breath control structures 146 and breath switching 
niles 148. A breath control structure (or a phase control) is defined as a collection of 
phase control structures 150 and phase switching rules 1 52. A phase control structure (or 
a cycle control) is defined as a collection of ventilator control settings 1 54 and an array of 
waveform samples 156. Phase definitions and requirements for transitions between phases 
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are tied directly to measurable system performance, and correlate closely to published 
descriptions of the desired behavior of mechanical ventilators. 

More specifically, the therapy control structure 140 is a nested hierarchy of 
increasingly complex control stnictures. A cycle (e.g., a 4 msec time slice) occurs within 
cycle control, which occurs within phase control, which occurs within breath control, 
which occurs within mode control, which occurs within therapy control, which is the 
clinically specified therapy that drives the ventilator pneumatic system. Once each cycle, 
ventilation control moves from one control state to another cohtrol state. 

After each cycle, when the hierarchy of rules is tested and the state is set for the 
next cycle, a new therapy control structure 140 may cause a branch to the first cycle of the 
first phase of the first breath of the first mode of ventilation within the new therapy control 
stnacture, or the new therapy control structure may be delayed a few cycles until better 
patient synchrony can be achieved. Within a therapy, there is a collection of mode control 
structures 142 and a collection of rules specifying how and when to switch from one mode 
of ventilation to another one. Thus, a therapy may define several different modes of 
ventilation and mode switching rules 144 for the transition from one mode of ventilation 
to another. 

After each cycle, when the hierarchy of rules is tested and the state is set for the 
next cycle, the mode switching rules 144 may cause a branch to the first cycle of the first 
phase of the first breath of another mode of ventilation within the therapy control structure 
140. Within a mode, which is within a therapy, there is a collection of breath control 
structures 146 and a collection of breath switching rules 148 specifying how and when to 
switch from one breath type to another breath type within the same mode. Thus, a mode 
of ventilation may have several different types of breaths defined, and rules specified for 
how to go from one breath type to another. 

After each cycle, when the hierarchy of rules is tested and the state is set for the " 
next cycle, the breath switching rules 148 may cause a branch to the first cycle of the first 
phase of another type of breath within the mode. Within a breath, within a mode, within a 
therapy there is a collection of phase control structures 1 50 and a collection of phase 
switching rules 152 specifying how and when to switch from one breath phase to another 
phase within the same breath. Thus, a breath type may have several different phases 
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defined. and mies specified for how to go from one breath phase to another. For example 
breathing generally proceeds from an inspiration phase to a pause phase to an exhalation ' 
assist phase to a PEEP phase, but these phases may be further subdivided for a finer 
granularity of control. 

5 After each cycle, when the hierarchy of rules is tested and the state is set for the 

next cycle, the phase switching rules 1 52 may cause a branch to the first cycle of the next 
phase within the breath type. ^Vithin a phase, within a breath, within a mode, within a 
therapy, there is a ventilator control setting structure 154. This structure contains an array 
of samples that comprise a specified waveform shape. During each cycle, the control logic 
IS driven by the waveform sample specific for the cycle, and by a collection of ventilator 
control settings 154 specific for the phase. The cycle time is in milliseconds, and is 
currently set to four milliseconds. 

After performing all ventilation control for the cycle, the hierarchy of rules is 
tested and the state is set for the next cycle, which is by default the next.cycle within the 
current phase, current breath type, current mode of ventilation and current therapy. 

However, higherievel rules may cause a change in breath phase, breath type, mode of 
ventilation, or an entirely new therapy may be specified by the clinician and take control at 
the next cycle. 

Each ventilator control setting structure 158 contains necessary and sufficient 
information to control one parameter of ventilation, including whether there is a high 
alarm level, whether the high alann is active, whether there is a control level, whether the 
control is active, whether there is a low alarm level, whether the low alann is active, 
whether there is a range level, whether the range is active, and a range target control 
structureto define howand why the parameter is to be adjusted automatically within the ' 
specified range. Each phase control structure has its own collection of ventilator control ■ 
settings, although in practice, phases within a breath generally share the same collection. 

The data structure-driven architecture described above enhances safety and 
reduces the likelihood of hazardous conditions by pennitting non-programmers to review 
and understand the fiinction of the ventilator control system. 
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Several' breath control structures are predefined in the embedded controller. These 
breath control structures are used when hazards are detected, such as apnea or patient 
circuit disconnect. They are also used to support the patient if the communication linl< 
between the display controller and embedded controller is lost. Also, the embedded 
controller checks the integrity of every therapy control structure sent by the display 
controller. If a requested change is invalid, the embedded controller continues operation 
with the last known valid therapy control structure. If no valid therapy control structure 
has been received, the embedded controller uses the predefined breath control structures 
' to continue patient support. 

5. Simulator - FIG. 1 1 is a block diagram of a ventilator control system 210 
including a simulator 212 for predicting the status of the pulmonary system of a patient 
and a database 214 for storing actual or simulated historical patient protocols. The 
simulator 212 is electrically connected to the display and embedded controllers (12, 14). 
The simulator uses a set of breath parameters provided by the clinician 1 6 via the 
touchscreen 26 to predict the status of the patient^s pulmonary , system. The simulator 
simulates the adjustment to the ventilator pneumatic system in resjponse to the set of 
breath parameters and the response of the patient *s pulmonary system to the adjusted 
pneumatic system. The predicted status and the set of breath parameters are displayed on 
the display screen (FIG. 12). 

An advantage of the simulator is that the clinician can experiment with new or old 
settings, while the actual settings remain unchanged and the patient is unaffected. When 
the clinician 16 begins changing settings in the simulation mode, the ventilator control 
system 210 predicts the effects of the change and displays the predicted result on the 
display 24. The simulator 21 2 uses a standard two parameter model of a respiratory 
system and the current calculated values of the patient's resistance and compliance to 
predict the effect. The model assumes no contribution from the patient's respiratory 
muscles (i.e., a passive inspiration and exhalation cycle). The model used is: 

Airway Pressure = (Delivered Volume / Lung Compliance ) 
+ (Airway Flow X Airway Resistance). 

A change in patient intervention typically requires multiple setting changes. 
Implementing such setting changes is greatly complicated by the series of indeterminate 
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control states as one setting is changed at a time. Using the simulator 212. the clinician 16 
can change multiple settings until the predicted waveforms are satisfactory , and then 
^activate all the changes simultaneously. If the clinician is dissatisfied, he can quickly and 
conveniently return the control settings to their previous values without adversely 
5 affecting the patient. ' 

The clinician can also use the simulator 2 12 to select a mode of ventilation or 
sequence by modes, by choosing a programmed comprehensive tiierapy control structure.- 

Parameters, which'a^^^^ 
with a color-coded background. Other controls are listed as active or inactive. The 
0 explicit list of active controls clearly delineates the exact function of the mode and 
alleviates confusion caused by inconsistent or incomplete definitions. Moreover, Uie 
simulator 212 can precisely replicate the behavior of modes on preexisting ventilators. 
The clinician can make adjustments to the list of controls to accurately simulate the 
ventilator that a hospital's stafFhas been trained to use. The list of controls togetiier with 
the simulated behavior can help teach the effects of various modes on patients, ratiier tiian 
the ventilator-specific mode definition. 

While the simulator 2 1 2 shown in FIG. 1 2 predicts the shape of tiie breaths using 
the two parameter model, many other physiological models and- predictions may be 
possible. Specifically, tiie simulator 212 may predict die effect of positive end expiratory 
pressure on lung volume and fijnctional residual capacity; it may predict tiie effect of 
minute volume on blood oxygen and carbon dioxide levels; it may predict tiie effect of 
mean airway pressure on pulmonary blood flow; and if may provide other similar models. 

The database 2 14 assists the clinician in managing the intervention and in tracking 
patient status. The database makes large amounts of stored patient data available at 
several levels of detail and encourages comparison of differem patient data. The clinician . 
can compare stored historical patient data with current settings to learn wheUier tiie 
current intervention has been effective and whether the patient is progressing. 

The database 214 is electrically coupled to the display controller processor 22 and 
stores a plurality of patient protocols. Each patient protocol includes at least a set of 
breath parameters and patient data. The breatii parameter may be organized as one or 
more therapy control structures. The clinician selects a patient protocol by depressing a 
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touch zone on the ciisplay 24. The processor copies the seiected patient protocol into 
memory. In the operational mode, the processor 22 instructs the embedded controller 14 
to simultaneously adjust the controls of the pneumatic system 18 using the selected patient 
protocol. In the simulation mode, the simulator 212 simulates the adjustment to the 
ventilator pneumatic system 18 and the resulting response of the patient's pulmonary 
system. ' 

The processor 22 stores patient protocols as epochs, which are complete 
"snapshots" of a particular time or event. The processor 22 uses real time event and . 
' pattern discrimination to determine when to store epochs of interest. In this way. the 
clinician does not have to decide a priori what may be important, what to "trend", or how 
to process the data. Because all the data is stored, it can be post processed to reveal any 
aspect of the patient's previous condition. The saved epochs are organized in the 
database. Access to the epochs can be by time, by event, or by area of interest. The 
ability to overiay data from previous epochs informs the clinician as to whether the patient 
is progressing, or whether the intervention is working as' expected. 

FIG. 1 3 is a detailed functional block diagram of the simulator feature of the 
ventilator control system 210. The clinician manipulates a control setting slider 21 6 to 
change or set a ventilator control setting. The clinician's input are stored in a memory (at 
218). The simulator 220 receives the inputs and creates a phase control stnicture, a 
breath control structure, a mode control structure, or a therapy control structure for use in 
its simulation. If, for example, the clinician decides to use the breath control structure 222 
to change the patient's therapy, the breath control stnicture (which is embedded within a 
mode control structure within a therapy control structure) is transmitted to the embedded 
controller (at 224) via the shared memory interface. The real time processor validates the 
settings within the breath control structure (at 226). The processor implements the 
validated therapy control structure, which includes the breath control structure 228, in a 
breath control algorithm 230 and provides signals to the pneumatic system 232 for 
simultaneously changing one or more control settings. 

7. Waveform Shaper - The waveform shaper shown in FIG. 8 is a graphical tool 
which enables a clinician to shape one or more phases of a breath. Characteristics such as 
the rise time and shape 130. the plateau length and shape 132. the fall time and shape 134 
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can be drawn to any desired characteristics by the cJinician: In some embodiments, the • 
phases can be shaped by touching the various active areas dynamically created on the 
waveform shaper and drawing the finger in the desired direction. In other embodi'ments, 
control buttons may be selected to add characteristics to the waveform, specifically 
sinusoidal or pulse-like variations about an average level during a phase. The waveform 
shaper is electrically connected to the display controller 12, wherein its output is used to 
fill the array of waveform samples 156 in the cycle control structure of the therapy control 
structure 14Q; The pneumatic system 18 connected to the embedded controller 14 can'ih 
this way be directed to follow any arbitrary waveform "drawn" by the clinician for one or 
more phases of a breath. 

8. Interface Protocol - The patient data waveforms are driven by a data stream 
protocol. The data stream can be generated by sensors ( the usual way the ventilator 
operates), by the simulator which uses the breath parameters and measured patient 
parameters to generate simulated sensor data, or by the stored sensor data in epochs to 
show historical patient behavior. The ability to use the same interface to display real data, 
simulated data and epoch data is an important feature of the ventilator control system. 

9. Integrated Control/Data/AJarm Display - The patient data waveforms (74,76) 
presented on display screen 64 of the display controller combine setting control, data and 
alarm displays in a single region.. The association of numbers and graphic icons with the 
data waveforms provide coqtext to illuminate the meaning of the numbers and icons 
without unnecessary data or unit labels. A light line at 201 is apparent as peak flow or 
pressure; a heavy bar at 204 is apparent as the peak pressure set level; a light bar at 204 is 
apparent as a high pressure alarm setting; an active rectangular region at 200 on the 
pressure waveform is apparent for setting the exhalation pressure level. Differences 
between desired and actual settings, and alarm margins are readily apparent. The 
simplicity of these representations can be contrasted to- a typical list of controls, calculated 
data, and alarms, where each item on the list is in LABEL: VALUE:UNITS format and the 
integration and comparisons must be performed in the head of the clinician. 

1 0. Therapy Programming - FIG. 1 4 is an illustration of a therapy programming 
screen 205 provided by the display controller. With this screen, the clinician can create or 
modify one or many breath parameters to prescribe a new type of therapy for the patient. 
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Changes made are refie.c|ed at one or more data structure levels in the therapy control 
structure created in the display controller. After validation, the new therapy control 
structure can be sent to the embedded controller for immediate implementation, or saved 
to a list of therapy prescriptions for later use. 

Therapy can thus be built from the simple to the complex. Breath parameters are 
selected and changed to modify and combine cycles to define a phase; to modify and 
combine phases to define a breath; to modify and combine breaths to define a mode; and 
to modify and combine modes to define a therapy program. The selections are reflected in 
' the hierarchy of structures in the therapy control structure, as previously described. The 
collection of settings are given a title by the clinician, in common use loosely defined as a 
mode, of ventilation. The creation process, with its explicit connection of breath 
parameters to a mode definition, helps clarify the way the therapy will affect the patient. 
In contrast, modes preset by the manufacturer often have implicit, obscure and 
contradictory affects on the patient. 

In one embodiment, the therapy programming screen 205 enables selection and 
changing of related breath parameters. The therapy prescription to be altered is selected 
from a list; a new therapy prescription can be created by selecting a similar prescription 
from the list, giving it a new title, and altering it as needed. A mode within the selected 
therapy prescription is selected; a breath within the selected mode is selected; a breath 
parameter control setting within the selected breath is selected; a sequence which identifies 
a specific, hierarchically nested breath parameter. Features of the breath parameter are 
toggled on or off, or chosen from lists which are brought forth when there are more than 
two choices. Every breath parameter, within each breath, within each mode, must be 
programmed to complete the therapy prescription. 

A control definition section 207, is displayed adjacent to the control slider 
previously described. The control definition section 207 includes a title 209 of the therapy 
prescription. The title in this example includes two modes,-and the mode (A/C pc) to 
which the selected breath parameter is tied is highlighted. The control setting for the 
breath parameter may have a range feature enabled 211, which, if enabled, will bring forth 
a panel of selected targets appropriate for the range, and which, if enabled, means that the 
ventilator control system will seek to accomplish a range target goal 213 by varying the 
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control setting within the range specified in the control slider. The control setting may be 
required to be on 215, meaning that it cannot be turned offby the clinician when operating 
within this breath type within this mode. It may be required to be off 217. meaning that it 
cannot be turned on by the clinician when operating within this breath type within this 
mode. 

The therapy programming screen allows the control setting to be shared by one or 
more other breath.types 2 1 9 within the mode, or within the paired modes, such that any 
adjustments to the control setting will affect all such breaths. It allows- control settings to 
be highlighted 221 as having primary importance to clinicians making adjustments to 
therapy. It allows multiple breath types to be defined, and provides a selection of rules 
that wiU be tested to determine which breath type to use within the mode. 

The embodiment allows the clinician to select from a number of triggers which 
determine the transition between modes of ventilation 223. when a multi-mode feature is 
enabled 225. The triggers for transition may be different depending oh the direction of the 
transition. For the example shown, the trigger for the transition from variable pressure 
support (VPS) to assist control (A/C pc) is minute volume (MV), while the trigger for the " 
transition from assist control to variable pressure support is sensitivity (Sense, i.e. patient 
efFort). 

While the particular embodiment permits the programming of two modes, due to 
conceptual limitations for this new capability on the part of clinicians, another 
embodiment includes therapy prescriptions which encompass many modes, with multiple 
triggers for the transitions between modes. Specifically, other prescriptions include 
sequences of modes which automatically change the treatment of a patient as his condition 
changes, and allow the clinician to readily control the sequence. Other prescriptions 
pennit time limited modes, which turn on for a period and then revert to the mode, or 
combinations of modes, in effect prior to their turn on. The therapyprogramming screen 
enables the clinician, to tune the therapy to the specific and ever changing needs of the 
patient, with much more power and flexibility than selecting from a set of simple ventilator 
modes preset by the manufacturer. 
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Equivalents 

While the invention has been particularly shown and described with reference to 
specific embodiments, it should be understood by those skilled in the art that various 
changes in form and detail may be made therein without departing from the spirit and 
scope of the invention as defined by the appended claims. 
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Claims 



1 I. 
2 



A ventilator control system for controlling a ventilator pneumatic system 
comprising: 



a user interface for receiving input values from a user for setting one or 
more breath parameters within a set of breath parameters; 

* «'«^trically coupled to the use^ 
6 breath parameters; and 

a processor simultaneously adjusting a plurality of controls within a 
ventilator pneumatic system in response to the set of breath parameters. 

The ventilator control system of claim 1 wherein each breath parameter comprises 
at least one of a control setting and an alarm setting. 

The ventilator control system of claim 1 wherein the processor further comprises a 
display controller for creating a breath control stnicture from the set of breath 
parameters stored in the raeraoiy. 

The ventilator control system of claim 3 wherein the processor fiinher comprises 
an embedded controller for simultaneously changing the plurality of controls within 
the ventilator pneumatic system in response to the breath control structure. 

The ventilator control system of claim 1 further comprising a display on which 
soflware-generated images representing status of the patient's pulmonaiy system 
and the set of breath parameters are displayed. 

The ventilator control system of claim 5 wherein the user interface comprises a 
touch-sensitive screen disposed over the display for manipulating one or more 
breath parameters. 

A method for controlling a ventilator pneumatic system comprising: 

receiving input values provided by a user for setting one or more breath 
parameters within a set of breath parameters; and 
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4 simultaneously adjusting- a plurality of controls within a ventilator 

-5 pneumatic system connected to a patient in response to the set of breath 

6 parameters, 

1 8. The method of claim 7 wherein each breath parameter comprises at least one of a 

2 control setting and an alarm setting. 

1 9. The method of claim 7 further comprising creating a breath control structure from 

2 the set of breath parameters: 

1 10.. The method of claim 9 further comprising simultaneously changing the plurality of. 

2 conu-ols within the ventilator pneumatic system in response to the breath control 

3 structure, 

1 n . The method of claim 7 further comprising displaying software-generated images 

2 representing status of the patient's pulmonary system and the set of breath 

3 , parameters on a display. 

1 12. A ventilator control system for simulating status of a patient connected to a 

2 ventilator pneumatic system comprising: 

3 a user interface for receiving input values from a user to define one or more 

4 breath parameters within a set of breath parameters; 
a simulator electrically connected to the user interface for receiving the set 

6 of breath parameters, the simulator predicting status of the patient^s pulmonary 

7 system by simulating 

8 (i) an adjustment to a plurality of controls within the ventilator 

9 pneumatic system in response to the set of breath parameters; 

(") a response of the patient's pulmonary system to the adjustment to the 

1 ' plurality of controls within the ventilator pneumatic system; and 

a display on which software-generated images representing predicted status 

1 3 of the patient's pulmonary system and the set of breath parameters are provided. 



5 



1 13. 



The ventilator control system of claim 12 wherein each breath parameter 



2 comprises at least one of a control setting and an alarm setting. 
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14. The ventilator control system of claim 12 wherein the user interface comprises a 
touch-sensitive screen disposed over the display for manipulating one or more 
breath parameters. 

15. A method for simulating status of the pulmonary system of a patient connected to 
a ventilator pneumatic system com'prising: 

setting one or more breath parameters within a set of breath parameters; 
. predicting the status of the patient' s pulmonary system by 

(i) simulating an adjustment to a plurality of controls within the 
ventilator pneumatic system in response to the set of breath parameters; and 

(ii) simulating a response of the patient's pulmonary system to the 
adjustment to the plurality of controls within the ventilator pneumatic system; and 

displaying software-generated images representing the predicted status of 
the patient's pulmonary system and the set of breath parameters, 

1 6. The method of claim 1 5 further comprising creating at least one breath control 
structure from the set of breath parameters. 

17. The method of claim 1 6 further comprising simulating the adjustment of the 
plurality of controls within the ventilator pneumatic system in response to the- 
breath control structure. 

18. A method for generating a breath control structure to control a ventilator 
pneumatic system comprising: 

providing a set of breath parameters, each breath parameter within the set 
of breath parameters including at least one of a control setting or alarm setting; 

setting via a user interface control settings and alarm settings for one or 
more breath parameters within the set of breath parameters; 

creating a breath control structure from the set of breath parameters, 
wherein a plurality of controls within a ventilator pneumatic system are adjusted in - 
response to the breath control structure. 



19. 



A method for generating a mode control structure to control a ventilator 
pneumatic system comprising: 
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a) providing a first set of breath parameters, each breath parameter within 
the first set of breath parameters including at least one of a control or alarm 
setting; 

b) providing user selected input values to define the at least one of the 
control or alarm setting for one or more breath parameters within the first set of 
breath parameters; and 

c) creating a first breath control structure from the first set of breath 
parameters; 

d) repeating steps a) to c) for a second set of breath parameters to create a 
second breath control structure; and 

e) combining the first and second breath control structures to form a mode 
control structure, wherein a plurality of controls within a ventilator pneumatic 
system are adjusted in response to the mode control structure. 

10. A method for providing a therapy to a patient connected to a ventilator pneumatic 
system comprising: 

providing a first mode control structure including a plurality of breath 
control structures and a second mode control structure including a plurality of 
breath control structures; 

. controlling a plurality of controls within a ventilator pneumatic system 
using the first mode control structure; 

measuring one or more therapy parameters; 

adjusting the plurality of controls within a ventilator pneumatic system 
using the second mode control structure when one or more parameters exceed 
predetermined trigger values. 

1 . The method of claim 20 wherein a therapy parameter comprises at least one of a 
time measurement and a characteristic of the patient's pulmonary system. 

2. A method for controlling a ventilator pneumatic system comprising: 

providing a database including a plurality of patient protocols, each patient 
protocol comprising a set of breath parameters and patient data; 
accessing the database to select a patient protocol; 
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loading a processor with the selected patient protocol; and 
adjusting a plurality of controls withia the ventilator pneumaUc system 
using the selected patient protocol. 

23. The method of claim 22 wherein each breath parameter -comprises at least one of a 



2 control setting and an alarm setting. 



24. The method of claim 22 further comprising predicUng the status of the patient's 
pulmonary system prior t o adjusting the plurality of controls by 

simulating adjusting the plurality of controls within the ventilator 
pneumatic system in response to the set of breath parameters; and 

simulating a response of the patient's pulmonary system to the adjustment 
to the plurality of controls within the ventilator pneumatic system. 



25. 



1 26. 



1 27. 
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The method of claim 24 further comprising displaying software-generated images 
representing the predicted status of the patient's pulmonary system and the set of 



3 breath parameters on a display. 



The method of claim 25 further comprising adjusting the plurality of controls 

2 within the ventilator pneumatic system based on the predicted status of the 

3 patient's pulmonary system and the set of breath parameters displayed on the 

4 display. 



The method of claim 22 wherein the accessing step further comprises searching the 



2 database to select a.desired patient protocol. 



The method of claim 22 further comprising displaying software-generated images 

2 '■^presenting status of the patient's pulmonary system and the set of breath 

3 parameters on a display. 



A ventilator control system for controlling a ventilator pneumatic system . 
comprising: 

a database which includes a plurality of patient protocols, each patient 
protocol comprising a set of breath parameters and patient data; 

a user interface for accessing the database to select a patient protocol; and 



wo 97/20592 ) A PCT/US96/1 9382 



-39- 

6 a processor electrically coupled to theoiser interface for receiving the 

7 selected patient protocol, the processor simultaneously adjusting a plurality of 

8 controls within the ventilator pneumatic system using the selected patient protocol. 

1 30. The ventilator control system of claim 29 further comprising a display on which 

2 software«=-generated images representing status of the patient's pulmonary system 

3 and the set of breath parameters are displayed. 

1 "31. The ventilator control system of claim 30 wherein the user interface further 

2 * comprises a touch-sensitive screen disposed over the display for manipulating one 

3 or more breath parameters. 

1 32. A method for providing an assisted phasie of a breath to a patient connected to a 

2 ^ ventilator pneumatic system comprising: 

3 monitoring an accumulated volume of gas inhaled by the patient resulting 

4 from the patient's spontaneous respiratory muscle activity; 

5 . comparing the measured accumulated volume to a trigger volume; and 

6 adjusting the plurality of controls within the ventilator pneumatic system 



7 when the measured accumulated volume exceeds the trigger volume to provide an 

8 assisted phase of a breath. 

The method of claim 32 wherein the monitoring step further comprises: 

measuring a flow of gas inhaled by the patient resulting from the patient's 
spontaneous respiratory muscle activity; and 

integrating the flow to provide the measured accumulated volume. 

A method of compensating for gas flow resistance into and out of the lungs of a 
patient connected to a ventilator pneumatic system comprising:: 

measuring the gas flow resistance into, and out of the lungs of a patient 
during an inspiration phase, an exhalation phase and a post-breath phase of a 
breath; and 

selectively adjusting one or more controls on the ventilator pneumatic 
system when the measured resistance exceeds the resistance parameter during any 
one or more of the inspiration, exhalation, or a post-breath phases of the breath. . 
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A method for comroliing a ventilator pneumatic system compiising: 

providing a set of breath parameters for controlling the ventilator 
pneumatic system, the set of breath parameters including at least one range 
4 parameter; 

displaying an integrated software-generated image representing a 
controllable high alarm level, a controllable low alarm level, a controllable nominal 
operating value, a controllable operating range for the range parameter, and a 
controllable target value for a measured characteristic of the pattern's pulmonaiy 
9 , system; 



setting the high, alarm level to a maximum allowable value for the range 
II parameter; 



1 36. 
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setting the low alarm level a minimum allowable value for the range 
parameter; 



setting the nominal operating value for the range parameter; 
setting the operating range to a range of allowable operating values relative 
to the nominal operating value for the range parameter; 
. . specifying the target value; and 

18 adjusting a plurality of controls within a venUlator pneumatic system in 

response the set of breath parameters; 

adjusting the operating value of the range parameter within the operating - 
21 range; and 

^"^^^^ the controls within the ventilator pneumatic system in 

23 response to changes in the operating value of the range parameter to achieve the 

24 target value.; 



A method of manipulating a breath parameter represemed as a software-generated 
image displayed on a touch-sensitive display comprising; 

dynamically defining an touch zone on the touch-sensitive display; ■ 
■ forming a software-generated image of a breath parameter withirj a 
subsection of the touch zone; 

receiving a touch signal when a user touches any location within the touch 
7 zone; and 
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manipulating the image of the breath parameter in response to the touch 

signal. 

37. A method of displaying historical status of the pulmonary system of a patient 
connected to a ventilator pneumatic system comprising: 
, defining a measurement period of one minute; 

providing a plurality of breath parameters having user defined target values 
and actual values, the breath parameters including minute volume, inspiration 
phase, exhalation phase, inspiration/exhalation ratio, breathing rate, spontaneous 
minute volume, inhale tidal volume, exhale tidal volume, leakage; 

measuring the actual values during the measurement period; 

generating an integrated graphic for displaying the input values and actual 
values of the plurality of breath parameters on a display, including 

a) representing target minute volume as. a circle having an area . 
corresponding to the user defined target value of the minute volume; 

b) representing actual minute volume as a semi-transparent circle 
disposed over the target minute volume circle and having an area corresponding to 
the actual value, 

c) representing target inspiration and exhalation phases as 
interspersed wedges within the target minute volume circle, wherein a target 
inspiration phase and a target exhalation phase form a target breath, and 

d) representing measured inspiration and exhalation phases as 
interspersed semi-transparent wedges disposed over the target inspiration and 
exhalation phase wedges and having an area correspohding to the actual value, 
wherein a measured inspiration phase and a measured exhalation phase form a 
measured breath; and 

• . periodically updating the input values and measured values included in the 
graphic once per minute. 



38. 



The method of claim 37 further comprising representing the inspiration/exhalation 
ratio and breathing rate as numerical values in the integrated graphic, 
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The method of claim 37 further comprising representing the spontaneous minute 
volume, inhale tidal volume, exhale tidal volume and leakage as numerical values in 
the integrated graphic. 



wo 97/20592 - . ..-s^PCT/US96/19382 

' - ^ . 1/12 ■ ■"^ 

ric.i - - 




wo 97/20592 



PCT/US96/19382 



2/12 



(Co 



A. 



CLINICIAN 



A. 



r 

Display 
Measured 
Data 



Privale 
Protected 
Memory 



Change 
Alert Panel 

' z\ . .. 



Qontrol 
Sietting 
Slider 



Private 
Protected 
Memory 



Display 
Waveform 
Data 



Private 
Protected 
Memory 



Main Event 
Monitor 



7 

Calculate 
Measured 
Data 



I 




Breath 
Control 
Structure 



A- 

sr- 



Z. 



Settings 
Validation 



Private 
Protected 
Memory 



Process 
RaW Data 



Breath 
Control 
Algorithm 



Breath 
Control 
Structure 



P5 



Validated 

Breath 

Control 

Structure 
fc- 



Breath 
Validation 
Software 



Sensors . Monitoring 
System 

~ : 1 



<7 



Hardware Pneumatic 
System 

_ ^ 



wo 97/20592 



3/12 



PCT/US96/19382 



f\G.3 




wo 97/20592 "^^ ^ PCT/US96/1 9382 

5/12 




Accept Changes 



wo 97/20592 



.?;^, PCT/US96/19382 



6/12 



F(Q.7 





WO.97/20S92 ' pcT/US96/I9382 



FIC. ^ 



7/)2 



wo 97/20592 ' ^. PCT/US96/19382 

8/12 



Therapy Control 



Therapy 

Control 

Structure 



jyipde Control J. / ' 



^3 



Mode 

Switching 

Rules 




Mode 
Contrdl 
Structure 1 



Mode 
Control 
Structure n 



5; 

1. 



SSSSE 



Breath Control 



Breath 
Switching 
Rules 




Breath 
Control. 
Structure 1 



Breath 
Control 
Structure n 



Phase ControlA 



91 



Phase- 

Switching 

Rules 




Phase 
Control 
Structure 1 



Phase 
Control 
Structure n 



Qi^cleCpntrolS:. 



Array of 
Waveform 
Samples 




Ventilator 
Control 
Setting 1 




Ventilator 
Control 
Setting n 



Ventilator 

Control 

Setting 



High 
On/Off 



Control 
On/Off 



Low 
On/Off 



Range 
On/Off 



High 
Level 



Control 
Level 



Low 
Level 



Range 
Level 



Range 
Target 
Control 
Structure 



wo 97/20592 



1 



9/12 



■-..J PCT/US96/19382 



nc./i 




wo 97/20592 



11/12 



PCT/US96/I9382 

:) • 



fic. /3 



Slider 



Private 
Protected 
Memofy 



\ 



ValidatecT' 
, Breath 
Control 
Structure 



V 



Control 
Setting 



Private 
Prolecled 
Memory 



21^ 




\7 






. Breath 




Control 




Structure 


■ 



I- 




Simulator 



Private 
Prolecled 
Memory 



Validation 
Software 









Breath 


1'\ 


Hardware/ 


Control 


> 


Pneumatic 


Algrorithm 


-1/ 


System 



wo 97/20592 



12/12 



PCTAJS96/I9382 



if 



VPS - MZ pc i 



exact 



VPS - Ai'C pc 



ON 



inspiration F'Tessure 




Range target: 
Tidal Voiuirie 

Rvinge i::'- 

Requ'.rad 
cojoe OFF 

Si U!fed by . 
0!" ^^G- 



Mode Cc--:-:oi i 

^^-^ 



— 2 



r.i-.l?. 



Accopt Chfingos 



deiete 



•Cnta • niJ Applicxttoo No 

Pr '^96/ 19382 



A. CLASSIFICATION OF SUBJECT MATTER 

IPC 6 A61M16/O0 A61B5/08 



According to Intomtional Piteiu gAicrificaiion (IPQ or to both nxtiorul cligfiotion ind IPC 



B. FIELDS SEARCHED 



Minimum documenUQon searched (dasaficAQon sysum followed by dunfic^oon lymboli) 

IPC 6 A61M A61B G09B 



Documcnuoon searched iiihcr (hu) nunimum documenuoon to the extent that such documents ire mciudcd in the fields searched 



Electronic d«u base eonsutud dunni the mtemational search (name of data base and, where pracucal. search terms used) 



C. DOaJMENTS CONSIDERED TO BE RELEVANT 



Category ' Qution of doeument, with indication, where appropriate, of the reievani pasagcs 



Relevant to claim No. 



EP 0 342 443 A (0RAE6ERWERK AG) 23 
November 1989 



see abstract; figures 

see column 2, line 54 - column 4, Tine 33 

EP 0 274 996 A .(ELHED GINEVRI SRL) .20 July 
1988 " ■ 

see abstract; figures 
see page 6, line 23 - page 7, line 40 

-/-- 



1-5, 

7-13. 

15-19. 

22-3G.35 

6,14.31. 

36 



1-5, ■ 

7-11,18, 

22,23. . 

28,35 

12,15. 

24,36 



El 



Fur^MT documcnls are iisted in the continuabon of box C. 



Patent family members are listed in annex. 



* Spcaal categoncs of dud documents : 

*A' document defining the general state of the art which is not 

considered to be of pxrticular retevince 
'E* eariter document but published on or after the internatipnaJ 

filing date 

*L' document which may throw doubts on prionty daim(s) or 
which is dtcd to csublish the puUicabon dace of another 
dtation or other rpeaal rcuson (as specified) 

'O* document referring to an oraJ disdosure, use, exhibition or 
other means 

*P' document published prior to the international Hling dace but 
later than (he pnonty dau claimed 



T' later document published afler the intemationaJ filing date 
or pnonty date and not in confiict with the appltcation but 
died to understand the principle or theory undcdying the 
' invention 

*X' document of particular relevance; the daimed invention 
cannot be conadered novd or cannot be conadcred to 
involve ah inventive step when the document ts taken alone 

'V* document of pirbcuJar rdevancc; the daimed invention 
cannot be oonsdered to involve an mvenave step when the 
document is combined with one or more other such docu> 
ments, such combination being obvious to a person skilled 
in the art. 

*&* document member of the same patent fanuly 



Date of the actual completion of the international search 



25 March 1997 



Date of mailing of the international search report 



04.04.97 



Name and mailing address of the ISA 

European Patent Office, P.B. 5818 Patentiaan 2 
NL • 2280 HV Rijswijk 
Td. ( + 31. 70) 540-2040. Tx. 31 651 cpo nl. 
Pax: (i 31-70) 540.30)6 



Authonzed officer 



Zeinstra, H 



Fofm PCT/tSA/210 (itomtf ihtct) (juty 1992) 



page 1 of 2 



INTERNATlUMAi, SEAKCH REPORT 



1 



C^Coolimaiion) OOCUMtNTS CONSCOEREO TO BE RELEVANT 



bta ■ul.Appliuliga No 



PC-. 



J6/19382 



Quaon of document, with lodieataon, where *pprophatc, o( the rdcvani p«o«ges 



RclcYtflt to clAim Na 



X.P 



NL 8 801 322 A (PPG HELLIGE BV) 18 
December 1989 

see page 8. line 18 - line 30; claims 
17-19; figures 

FR^2 729 084 A (DRAEGERWERK AG) 12. July 

see abstract; figures 

see page 6, line 25 - page 10, line 23 

68 2 162 m A (MANLEY MEDICAL ENGINEERING 

LIM) 5 February 1986 

see abstract; figures 

see page 2, line 31 - line 61 

DE 23 48 582 A (GEN ELECTRIC) 11 April 
1974 

see page 5, line 19 - page 8, line 20; 
figures 1,3-5 ' • 



6,14.31, 
36 



1-6 



37 



37 



Fonn PCr/I$A,'2IO <eoAtinu«tittA of Maond UiMg (J«iy iff}} 





«. ^-rnuionai applieaiion No. 


INTERNATIONAL )aRCH REPORT 


L. Js 96/19382 

f' 



Box I Observations *vhcrc certain ciaimf were found unsearchable (Contmuauon of Item I of first $hcef) 



This Intcrnaiional Search Report hu not been established in respect of ceruun claims under Article I7(2)(a) for ihe following reasons: 



Claims Nos.: 20,21,32,33,34 

because ihey relate lo subjcci matter not required to be scorched by this Authority, namely: 

Please see Rule 39. Uiv) PCT 

Method for treatment of the human or animal body, by therapy 



I I Claims Nos.: 

^""^ because Ihey relate to parts of the Inlcrnational Application thai do noc comply with the prescribed requirements to such 
an extent that no meaningful International Search can be carried out, spccificaJly: 



3. rj Claims Nos.: r« . ^ , . 

' — because they are dependent claims and are not drafted in accordance with the second an<l third sentences of Rule 6.4(a). 



Box 11 Observations where unity of invention is lacking (Continuation of item 2 of Hrst sheet) 



This (nternauonal Searching Authority found multiple inventions in this international applicauon. as follows: 



1. As ail required additional search fees were umcly paid by the applicant, this Intcrnaiional Search Report covers aJI 
searchable claims. 

2. I I As ail searchable claims could be searches without effort justifying an additional fee, this Authority did not invite payment 

of any additional fee. 



3. rj As only some of the required additional search fees were umely paid by the applicanu this IniernaiionaJ Search Report 
^^"^ covers only those claims for which fees were paid, specifically claims Nos.: 



4. I I No required additional search fees were timely paid by the applicanL ConsequcnUy. this Inurnaiional Search Report is 
resiricurd to the invention first mentioned in ihe claims; it is covered by claims Nos.: 



Remark on Protest [ [ The additional search feirs were accompanied by the applicant's protest. 

I I No prou*st accompanied the payment of additional search fees. 



Form PCT.ISAtllO (continuation of first sheet (I)) (July 1992) 



INTERNATIONAL SEARCH REPORT 

•nform -.^^tleot Cunfty mcmbcn 



Intet 



«1 -Application No 

PCI. :i.y6/19382 



Patent document . 
cited in learch report 



Publicaclon 
date 



PMent fatnUy 
■ niember(t) 



Publication^ 
date 



EP 0342443 A 



EP 0274996 A 



23-11-89 



DE 
JP 
US 



3817053 A 
2019169 A 
4917080 A 



30-11-89 
23-01-90 
17-04-90 



20-07-88- 



DE 
DE 
ES 
SU 

US 



3789221 D 



3789221 
2051775 
1800990 
5097424 



07-04-94 
04-08-94 
01-07-94 
07-03-93 
17-03-92 



NL 8801322 


A 


18-12-89 


NONE 




FR 2729084 


A 


12-07-96 


DE 19500529 A 
JP 8229127 A 
SE 9600090 A 


01-08-96 
10-09-96 . . 
12-07-96 


GB 2162430 


A 


05-02-86 


NONE 




DE 2348582 


A 


11-04-74 


US 3811040 A 
CA 1013474 A 
FR 2208633 A 
GB 1438694 A 
JP 49134237 A 
NL 7313357 A 
SE 397919 6 


14-05-74 
05-07-77 

28- 06-74. 
09-06-76 
24-12-74 

29- 03-74 
28-11-77 



